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contents of the trap warmed to room temperature and remotely 
agitated from behind a suitable barricade. In this manner high local 
concentrations of water, which could lead to the production of signifi- 
cant quantities of XeO, and violent explosions, were avoided. The 
solutions were used immediately after their preparation to form the 
XeOF,+ and XeO,F+ salts as described below. 

Reparation of XeF,+Sb,F,,- and XeF,CSbF,-. A quantity of 
SbF, (3.773 g, 17.41 mmol) was added to 0.883 g (4.26 mmol) of 
XeF, in a glass ampoule. A Teflon valve was attached and the am- 
poule and contents was warmed to 50" to effect dissolution. The 
resulting yellow-green solution crystallized immediately upon cooling 
to room temperature. Excess SbF, was removed under vacuum at 
room temperature and pumping continued until constant weight was 
obtained (-36 hr). The final weight of product was 2.755 g and 
corresponded to XeF4.2.03SbF,. The combining ratio as well as the 
elemental analyses is consistent with the formulation of this com- 
pound as XeF,+Sb,F,,-. Anal. Calcd: F ,  41.51; Sb, 38.00; Xe, 
20.49. Found: F, 41.22; Sb, 38.37; Xe, 20.75. 

A quantity of XeF,+Sb,F,; (0.251 g, 0.391 mmol) was fused 
with XeF, (0.286 g, 1.381 mmol) for 1 hr at 80'. Excess XeF, was 
removed under vacuum at room temperature. The elemental analyses 
are consistent with the formulation XeF,+SbF;. Anal. Calcd: F ,  
40.33; Sb, 28.71; Xe, 30.96. Found: F,40.55; Sb, 28.32; Xe, 
30.60. 

gous to that used previously to prepare Xe,F,CSbF,-.16 
experiment, 0.264 g (1.217 mmol) of SbFj in 5.565 g of HF was 
added to 0.504 g (2.324 mmol) of XeF, in a Teflon tube through 
a Kel-F Y piece. The XeF, dissolved at room temperature to give 
a bright yellow solution. The HF solvent was slowly pumped off 
at room temperature to give a pale yellow-green crystalline solid. 
A portion of the sample was transferred to  a glass tube and examined 
by Raman spectroscopy and was shown to contain a significant 
amount of unreacted XeF,. Excess XeF, was pumped off under 
vacuum at room temperature and a suitable crystal was selected from 
the remaining material and subjected to a single-crystal X-ray structure 
determination. The Raman spectrum of the crystal used in the 
structure analysis was identical with the spectrum of the bulk mater- 
ial. The results of the X-ray crystal structure determination, which 
has been published elsewhere," show that this material was XeF,+- 
SbF,-. No evidence for the formation of Xe,F,'SbF,- was obtained 
in the present work. 

Preparation of Xe(3P,+Sb,FlI- and XeOF,+SbF,-. A solution 
containing 1.307 g (5.853 rnmol) of XeOF, in 1.991 g of HF was 
poured through a Kel-F Y piece into a preweighed Teflon trap and 
valve assembly containing 3.516 g (16.22 mmol) of SbF,. The HF 

Attempts were made to prepare Xe,F,+SbF,-by a method analo- 
In a typical 

solvent was pumped off at room temperature and pumping continued 
for 8 hr. The weight of the white solid remaining in the trap was 
3.800 g and corresponded to the composition XeOF,.1.965SbF5. 
The elemental analyses as well as the combining ratio support the 
forinulation of this compound as XeOF,+Sb,F,,-. Anal. Calcd: F, 
40.50; Sb, 37.07; Xe, 19.99, Found: F, 40.74; Sb, 37.34; Xe, 
19.72. 

The 1 : 1 compound XeOF,"SbF,- was synthesized by allowing 
0.529 g (2.439 mmol) of SbF, to react with 1.053 g (4.717 mmol) of 
liquid XeOF, at room temperature in a preweighed Teflon tube 
equipped with a Teflon valve. Excess XeOF, was recovered by 
pumping the liquid into a Kel-F cold trap assembly cooled to -196". 
The resulting white solid was pumped on for 1 additional hr at room 
temperature. The elemental analyses are in accord with the formula- 
tion XeOF,'SbF,-. Anal. Calcd: F, 38.86; Sb, 29.84; Xe, 21.67. 
Found: F, 38.65; Sb, 28.03; Xe, 29.60. 

mation of the XeO,F+Sb,F,,- were directly analogous to those 
employed in the synthesis of XeOF,+Sb,F,,-. In one experiment 
1.392 g (6.914 mmol) ofXeO,F, dissolved in 1.550 g of HF !vi5 

added to 6.452 g (29.77 mmol) of SbF j. Pumping off the bulk of 
the solvent at room temperature yielded an SbF solution of what 
was later shown to  be Xe0,F'. This solution was unstable at room 
temperature and slowly evolved oxygen gas. Pumping this solution 
to dryness yielded a light yellow product severly contaminated with 
XeF+Sb,F,,-.33 In another experiment, stoichiometric amounts of 
XeO,F, (0.918 g, 4.563 mmol, dissolved in 1.185 g of HF) and SbF, 
(1.974 g, 9.11 mmol) were combined, mixed, and immediately pump- 
ed to dryness at room temperature. The product was a white solid 
and had a weight (2.891 g) corresponding to XeO,F,.2.O0SbF5. The 
elemental analyses are also in agreement with the formulation Xe0,- 
F+Sb,F,,-. Anal. Calcd: F, 35.91; Sb, 38.35;Xe, 20.69. Found: 
F, 35.64; Sb, 38.67; Xe, 20.43. No Raman band attributable to XeF' 
was observed in material prepared by the latter method. 

Preparation of XeO,F+Sb,F,,'. The techniques used for the for- 
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egistry No, SbF,, 7783-70-2; XeF,, 13709-61-0; XeF,+Sb,- 
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(33) An intense Raman band at 619 cm-' due to  the Xe-F stretch- 
ing mode of XeF'in XeF+Sb,F,,-was observed. 
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The gas-phase infrared spectrum and the liquid-phase Raman spectrum of trifluoromethyl perchlorate have been recorded. 
The spectra show that CF,OC10, contains a covalent monodentate perchlorato group. A total of 19 fundamental vibra- 
tions out of 21, expected for a model of symmetry C, with hindered rotation, were observed and assigned. 

Introduction 

free perchloric acid, HOC103, and its anhydride, 0 3 c 1 0 ~ 1 0 3 ,  
both of which have been known for many years.' More 
recently the halogen perchlorates FOC103? C10C103: Br- 

Few covalent perchlorates are known. Among these are 
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OC103p CS+B~(OC~O,)~-? H(OC103)3: and CS+I(OC~O,)~- 
have been reported. Alkyl perchlorates are also known but 
are very treacherous materials' and therefore have not been 
investigated extensively. While spectroscopic studies of 0,- 
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Trifluoromethyl Perchlorate 

c10C103 ,738 HOC1O3? and the halogen  perchlorate^^^^^'^ 
have been completed, alkyl perchlorates remain unexamined. 
Renewed interest in the synthesis of new covalent perchlo- 
rates11~'2 has shown that perhalogenated alkyl derivatives 
can be prepared, are stable, and are thus amenable to  further 
study. 

For spectroscopic work on alkyl compounds it is best to 
study the simplest example in order to avoid interference 
from bands due to large alkyl groups. Recently we succeeded 
in ~ynthesizing '~ the novel fluorocarbon perchlorate trifluo- 
romethyl perchlorate. Owing to its simplicity this com- 
pound is ideally suited for a systematic study of its vibra- 
tional spectrum. 

Experimental Section 

were manipulated in a well-passivated (with ClF,) stainless steel 
vacuum line equipped with Teflon FEP U traps and 316 stainless 
steel bellows-seal valves (Hoke, Inc., 425 1F4Y). Pressures were 
measured with a Heise Bourdon tube-type gauge (0-1500 mm 1. 0.1%). 
Trifluoromethyl perchlorate was prepared from CF,I and ClOC10, 
as reported' and was purified by several fractional condensations. 
The purity of the sample used for this study was verified by its mass 
spectrum and tensiometric homogeneity. Infrared absorbing impuri- 
ties were not detected. Pure CF,OC10, is stable and can be mani- 
pulated with much less difficulty than any of the halogen perchlo- 
rates. A gas sample stored in a stainless steel vessel at room tem- 
perature for nearly 2 years was not noticeably changed. 

The infrared spectra were recorded on a Perkin-Elmer Model 457 
spectrophotometer in the range 4000-250 cm-'. The spectra of 
gases were obtained using 304 stainless steel cells of 5- or 10-cm 
path length fitted with AgCl or AgBr windows. The instrument was 
calibrated by comparison with standard calibration  point^.'^ The 
Raman spectra were recorded on a Cary Model 83 spectrophotom- 
eter using the 4 8 8 0 6  line of an AI ion laser as the exciting line and 
a Claassen filter15 for the elimination of plasma lines. Sealed quartz 
tubes (- 2-mm i.d.) were used as sample containers for the liquid in 
the transverse-viewing-transverseexcitation technique. The Raman 
spectra were recorded at -100' using a device similar to that pre- 
viously described.16 

Results and Discussion 
Caution! Perchlorates are generally shock sensitive and 

must be treated with due care. Although trifluoromethyl 
perchlorate appears quite stable, deflagrations were occasion- 
ally encountered in the course of its synthesis. 

Vibrational Spectrum. Figure 1 shows the infrared spec- 
trum of gaseous trifluoromethyl perchlorate at several pres- 
sures and the Raman spectrum of the liquid. Table I lists 
the observed frequencies together with their assignments. 

Structural Model. In principle several isomeric structures 
are possible for a compound with the empirical composi- 
tion CF3C104. All the observed properties, ie., low melting 
point, bp 9.5", Trouton constant 23.3, vapor-phase mol 
wt 167, and nmr-equivalent fluorines, together with the 
direct synthetic method, are consistent with a structure 

Materials and Apparatus. Volatile materials used in this work 
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Figure 1. Vibrational spectra of CF,OClO,. Infrared spectrum of 
the gas: A, 5 mm in a 5-cm path length cell with AgCl windows; B 
and C, 18 and 125 mm, respectively, in a 10-cm path length cell with 
AgBr windows. Raman spectrum of the liquid at --loo": D, 
incident polarization perpendicular; E, incident polarization parallel; 
the spectral slit width used was 3 cm-' . 

containing a CF3 group linked to a C104 group through one 
of the oxygens. Such a structure would be expected to have 
a bent C-0-C1 link much like the previously studied2-'' co- 
valent perchlorates and to  resemble spectroscopically a mixed 
ether, B3A-0-CD3. Therefore, CF30C103 should possess 
structure I of symmetry C, assuming one F and one double- 

0 
/"\ 

F F  
I 

bonded oxygen atom to be located in the COCl plane. As- 
suming free rotation of the CF3 and C103 groups, the mole- 
cule would also possess C, symmetry but some of the XY3 
modes would be degenerate. Assuming hindered rotation a 
nine-atom molecule of C, symmetry should exhibit 21 funda- 
mental modes of vibration, all active in both the infrared 
and the Raman spectra. Of these, 13 belong to  species A' 
and can be either polarized or depolarized, while 8 belong 
to  species A" and should be depolarized. The 2 1 funda- 
mental vibrations arise from 3 skeletal motions and 9 modes 
each for the CF3 and the C103 groups. The 9 motions each 
of the CF3 and C103 groups may be described as 3 stretching 
modes, 3 deformational modes, 2 rocking fundamentals, and 
1 torsional oscillation. Torsional modes for CF317 and C1- 
037 groups generally occur at quite low frequencies (beyond 
the range of our infrared measurements), are weak, and 
usually are not observed. No evidence for the two torsional 
fundamentals was found and they will not be considered 
further in our discussion. 

trifluoromethyl compounds have shown that the CF3 stretch- 
ing fundamentals lie in the frequency range 1400-1 100 cm-' . 
Similarly for C103 stretching modes, the frequency range 
1350-1000 cm-' has been e~tablished. '~ '~ In spite of this 
frequency range overlap, assignments can be made to  the 
modes belonging to  the CF3 and the C103 groups, respective- 
ly. The two antisymmetric C103 stretches usually are al- 
most degenerate and splitting into the individual modes is 

Assignment of Stretching Modes. In~es t iga t ions '~~ '~  of 

(17) C .  V. Berney,Spectrochim. Acta, 21, 1809 (1965). 
(18) J. R. Durig and D. W. Wertz, J. Mol. Specnosc., 25, 467 

(1968). 



2376 Inorganic Chemistry, Vol. 13, No. 10, 1974 Carl J. Schack and Karl 0. Christe 

Table I. Vibrational Spectra of CF,OClQqa 

2595 v w  
2547 vw 
2486 w 
2435 vw 
2345 IV 
2290 v v  
2167 vu' 

2093 w 
2038 vu' 
1964 vw 

1942 w 

1877 vw 
1831 vu' 

1632 v w  

1612 w 

1495 w 
1438 vw 

1308 vs 

1265 s 
1241 s 
1171 vs 
1074 vw 
1028 vs 
914 m 

852 vvi 
829 w u  

1330 (0.2) dpC 
1300 (0.3) p 
1267 (0.5) p 
1240 (0.1) 
1169 (0.8) p 

1031 (7.2) p 
917 (1.1) p 
880 (0.1) p 

724 m 726 (4.2) p 
706 sh (PQR) 708 (5.1) p 
660 sh 660 (<0.1) 
615 s 616 (0.5) p 
568 mw 570 (0.7) dp 
560 sh 564 (1.1) p 
512x7 516 (3.2) p 

490 (cO.1) 
463 vvw 462 (0.2) dp 
339 sh 342 (3.5) p 

320 dp? 
314 mw 316 (10) p 

178 (0.5) p 

v 2  + v I 4  = 2595 (A") 
v1 + v 1 5  = 2549 (A") 
2v,, = 2482 (A')  
v 2  + u ,  = 2436 (A') 
2v, = 2342 (A') 
v 2  + v4  =2293 (A') 
v 5  + v l s  = 2155 (A") or v 2  + 

v 5  = 2179 (A') 
v, + u j  = 2085 (A') 
u ,  + u i 4  = 2036 (A") 
v 1  + v I 6  = 1968 (A") or v 2  + 

v7 = 1971 (A') 
v 8  A v , ~  = 1945 (A") or u ,  + 

v i s  = 1947 (A") or v4  + 
v 5  = 1942 (A') 

u 3  + u ,  = 1877 (A') 
2vs = 1828 (A') or u 3  + v16  = 
1831 (A") or v2 + u I 7  = 
1833 (A") 

v 5  + v6 = 1638 (A') or u g  + 
v I 8  = 1633 (A") 

v i  + v i 2  = 1622 (A') or v 5  + 
v 7  = 1620 (A') or v 2  + u I l  = 
1604 (A') 

v, + v I 8  = 1490 (A") 
u 2  i v I 3  = 1443 (A') or v6 + 
v14(A")  v antisym C10, 
ul(A') v antisym C10, 
v,(A') v antisym CF, 
ul,(A") v antisym CF, 
v,(A') v sym CF, 
u 9  + v i a  = 1072 (A? 
v4(A') v sym C10, 

v g  + v I 2  = 880 (A') 
v , ~  + u I i  = 851 (A') 
v l 0  + v I 2  = 826 (A') 
v6(A')  S sym CF, 
v,(A') 6 antisym CF, 
uI6(A") d antisym CF, 

u,,(A") 6 antisym C10, 
v,(A') S antisym C10, 
ulo(A') 6 sym (210, 
v I 2  + v 1 3  = 494 (A') 
U , ~ ( A " )  S rock CF, 
v, , (A')  S wag CF, 
v1,(A") S rock C10, 
u12(A') S in-plane C-0-Cl 
vr3(A')  S wag C10, 

v, = 1430 (A') 

v,(A') v C - 0  

v,(.4') u 0-c1 

a In addition to the listed infrared absorptions very weak bands 
were observed having the frequencies 2635, 2455, 2220, 2195, 1893, 
1780, 1734, 1533, and 1476 cm-' which can readily be assigned to 
combination bands and overtones. b Uncorrected Raman intensities 
representing relative peak height. C Qualitative polarization measure- 
ment. 

only observed for liquid or matrix-isolated samples." In 
the infrared spectrum of the gas, they generally appear as a 
very intense, somewhat broad band near 1300 cm-' and, 
therefore, are assigned for CF30C103 to the strong infrared 
band at 1308 cm-' (see Figure 1). Furthermore, it is ex- 
pected that their Raman counterparts would be weak. This 
is the case as shown in Figure 1. For the liquid also partial 
separation into the almost degenerate components was noted 
The higher frequency band, 1330 cm-l,  appears depolarized 
and is therefore assigned to the A" antisymmetric ClO, 
stretch, while the 1300-cm-' band appears polarized and 
is assigned to the corresponding A' mode. The symmetric 
C103 stretching vibration is normally found in the range 
1060-1000 cm-' ,well below the CF3 stretching mode range 

and is intense in both the infrared and the Raman spectra. 
Since only one intense band at 1028 cm-' is noted in this 
region in both spectra, it is assigned to the symmetric ClO, 
stretching vibration. Further support for this assignment is 
the high degree of polarization'9i20 of the band in the Raman 
spectrum. 

three bands in the appropriate infrared region (1 265 ~ 1241, 
1171 cm-') all of which are strong as expected. Conversely, 
they are very weak in the Raman spectrum where it is seen 
that two of the three are highly polarized and one (1240 
cm-') is probably depolarized. The lower frequency polar- 
ized band (1 169 cm-') can be readily assigned to the A' 
symmetric CF, stretching mode which agrees well with pre- 
vious assignments.18'20 The other polarized band (1267 
cm-') is then attributable to the antisymmetric CF, stretch 
of species A' while the corresponding A" mode is assigned 
to the 1240-cm-' band. Thus the assignment of all of the 
six stretching vibrations is straightforward and can be made 
with confidence. 

motions is the area in which C-0  stretching vibrations are 
most likely18-20 to occur, i.e., approximately between 1000 
and 900 cm-'. Figure 1 shows that only one intense band 
occurs in this region. This band at 914 cm-' is moderately 
intense in both the infrared and the Raman spectra, exhibits 
the correct infrared band contour for an A' mode, and is 
polarized. All of these observations support its assignment 
as the C-0  stretching fundamental. Comparable C-0  bands 
have been reported at  91 6 cm-' (average value) for CF,OOO- 
CF3" and at 915 cm-' for CF30C1.?' 

Assignment of Deformational Modes. Inspection of the 
l i t e r a t ~ r e " ~ ' ~ ' ~ ~  reveals that for simple CF,-containing mole- 
cules the CF, deformation vibrations occur in the range of 
720-520 cm-l. Similarly, C103 c o m p o ~ n d s ~ ~ ~ ~ ' ~ ~ ~ ~  show 
deformational modes in the range 600-510 cm-l. In addi- 
tion: the C1-0 single-bond stretch should occur in this fre- 
quency r e g i ~ n . ' ' ~ ' ' ~  Hence, for CF,OC10, we should ex- 
pect seven fundamentals in the frequency range 720-5 10 
cm-' in excellent agreement with our observations (see 
Figure 1 and Table I). Of the seven expected, five belong 
to species A' and two to species A". The latter must be 
depolarized in the Raman spectrum and arise from the anti- 
symmetric CF3 and ClO, deformations. Of these seven ob- 
served bands, only one band (570 cm-l) is clearly depolar- 
ized while five (726 ,708 ,616,564,  and 516 cm-') are 
polarized and for one (660 cm-') the polarization ratio is 
doubtful owing to its very low intensity. Since for all of 
the reported ClO, compounds, the A" antisymmetric defor- 
mation is moderately intense in both the infrared and the 
Raman spectra, the more intense one (570 cm-') of the two 
apparently depolarized bands is assigned to the A" antisym- 
metric ClO, deformation, and the very weak one at 660 
cm-' is assigned to the A" antisymmetric CF, deformation. 
The low intensity thereby attributed to this CF, mode is 
not unusual since for similar compounds it is sometimes not 
even observed.'8923 

In the series of XOC103 compounds where X = F,24 C1," 
and Br," the internal C1-0 single-bond stretch results in 

For the three CF, stretching vibrations, there remain 

Immediately below the region for C103 and CF, stretching 
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Trifluoromethyl Perchlorate 

a strong infrared band comparable in intensity to  the C103 
stretching bands. As seen in Figure 1, there is only one 
such infrared band (61 5 cm-') present in the appropriate 
frequency range and hence should be assigned to the C1-0 
stretching mode. The observed frequency for this band 
(615 cm-') is only slightly lower than that noted for the 
related halogen perchlorates (666-646 ~ r n - ' ) . ' ~ ~ ~ ~  

We are left now with four unassigned bands in the 720- 
520-cm-' region. The two higher frequency (724 and 706 
cm-') infrared bands are also appreciably stronger than the 
two lower ones (560 and 512 cm-'). Furthermore these 
higher frequency vibrations occur beyond the 600-5 10-cm-' 
range predicted for C103 deformations. Therefore, they 
are ascribed to the two unassigned CF3 A' deformational 
modes. Since the 724-cm-' band is of higher intensity in 
the infrared spectrum, it is assigned to  the CF, umbrella 
deformation, while the 706-cm-l band is assigned to the 
CF3 scissoring deformation. lhese  assignments are analog- 
ous to those of other CF3 m o i e t i e ~ ' ~ ~ ~ ~ ' ~ ~  where similar 
frequency and intensity relationships have been observed. 

By analogy with the corresponding CF3 deformations, 
the C103 umbrella deformation should be more intense 
than the C103 scissoring mode in both the infrared and 
Raman spectra. Therefore, the 512- and the 560-cm-' bands 
are assigned to  the C103 umbrella and scissoring modes, 
respectively, in good agreement with previous observa- 
t i o n ~ . ~ ~ ~ ~ ' ~  It should be noted that for all these com- 
pounds the frequency of the C103 umbrella deformation 
is nearly constant (515 ? 6 cm-') indicating this mode t o  
be highly characteristic. 

There are five fundamental vibrations left unaccounted 
for. Two of these are the CF3 and the C103 wagging motion 
belonging to  species A'. Another two are the CF3 and C1- 
O3 rocking motions of species A". The fifth fundamental 
is the C-0-Cl in-plane bending motion which will be con- 
sidered first. This vibration should occur below 500 cm-' 
and involve a large change in the polarizability of the mole- 
cule. It should therefore appear as an intense Raman band. 
Since the most intense Raman band in the entire CF30C103 
spectrum occurs at 316 cm-' and is polarized, this frequency 
must represent this mode. Neither the A' CF3 wag nor the 
A' C103 wag should produce such a strong Raman band. 
Comparable data on similar motions in related compounds 
are extremely limited. Examples that might be useful for 

(24) H. Agahigian, A. P. Gray, arid G. D. Vickers, Can. J. Chem., 
40. 157 11968).  
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comparison are the C1-0-C1 skeletal bend of 03C1-o-C103 
and the 0-0-0 bend in the trioxide CF3000CF3.  The 
former has been assigned718 to  a Raman peak at 161 cm-' 
whle the trioxide bend" has been attributed to a peak at 
286 cm-' . Whereas the latter assignment is in excellent 
agreement with our assignment for CF30C103, the former 
might be incorrect. Based on our data for CF30C103, we 
prefer to  reassign the Cl-0-C1 bend in C120, to the very 
intense Raman band at 286 cm-' and attribute the 161 - 
cm-' band to the C103 wagging motion (see below). 

As has been remarked by Durig and Wertz18 and Witt and 
Hammaker,7 the precise assignment of -XU3 rocking mo- 
tions is difficult owing to the wide range of frequencies in- 
volved and the paucity of data. Our assignments for the 
modes are based on the following observations: (i) the two 
polarized Raman lines must represent the wagging (A') mo- 
tions, and the two depolarized lines, the rocking (A") mo- 
tions; (ii) all the assigned CF3 deformations have higher fre- 
quencies than the corresponding C103 modes. Consequent- 
ly, the higher frequency A' and A" modes are attributed to 
the CF, group and the lower ones to the C103 group (see 
Table I). 

A band of very low intensity was noted in the Raman 
spectrum at 490 cm-' but was not observed in the infrared 
spectrum. We do not believe that this is a fundamental, 
although that possibility cannot be completely ruled out.  
It could be due to  a combination (vI2  + u I 3  = 494 cm-') or 
perhaps an impurity. 

Summary 
The observed infrared and Raman spectra of CF30C103 

are in excellent agreement with a structure of symmetry C, 
containing a covalent monodentate perchlorato group. The 
close agreement between the infrared frequencies of the gas 
and the Raman frequencies of the liquid indicate that no 
appreciable association occurs in the liquid phase. Observa- 
tion of two separate antisymmetric stretching modes for 
both the CF3 and the C103 groups indicates hindered rota- 
tion for both groups. Except for the two torsional modes, 
all predicted fundaments were observed and assigned and 
indicate the need for reassigning the two lowest frequency 
vibrations in C1207. 
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